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(54) Combustor mixer having plasma generating nozzle 



(57) A mixer assembly (20) for use in a combustion 
chamber (1 2) of a gas turbine engine. The mixer assem- 
bly (20) includes a mixer housing (32) having a hollow 
interior (40), an inlet (42) and an outlet (44). The housing 
(32) delivers a mixture of fuel and air through the outlet 
(44) to the combustion chamber (12) for burning. The 
mixer assembly (20) includes a fuel nozzle assembly 
(36) mounted in the housing (32) having a fuel passage 
(74) adapted for connection to a fuel supply (72). The 
passage (74) extends to an outlet port (84) for delivering 
fuel from the passage (74) to the hollow interior (40) of 
the mixer housing (32). The nozzle assembly (36) in- 
cludes a pl asma g enerator (82) for generating at least 
one of a dissociated tuei ana an ionized fuel from the 
fuel delivered through the nozzle outlet port (84) to the 
hollow interior (40) of the housing (32). 
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Description 

[0001] The present invention relates generally to gas 
turbine engine combustor mixers and more particularly 
to a combustor mixer having a plasma generating fuel 
nozzle. 

[0002] Fuel and air are mixed and burned in combus- 
tors of gas turbine engines to heat flowpath gases. The 
combustors include an outer liner and an inner liner de- 
fining an annular combustion chamber in which the fuel 
and air are mixed and burned. A dome mounted at the 
upstream end of the combustion chamber includes mix- 
ers for mixing fuel and air. Ignitors mounted downstream 
from the mixers ignite the mixture so it burns in the com- 
bustion chamber. 

[0003] Governmental agencies and industry organi- 
zations regulate the emission of nitrogen oxides (NOx) 
from gas turbine engines. These emissions are formed 
in the combustors due in part to high flame temperatures 
caused by high fuel-air ratios and/or poor fuel-air mixing. 
Efforts to reduce NOx emissions by reducing fuel-air ra- 
tios have led to lean blowout and acoustical vibration 
problems. Thus, there is a need in the industry for com- 
bustors having improved mixing and reduced emissions 
without blowout and acoustical vibrations. 
[0004] Among the several features of the present in- 
vention may be noted the provision of a mixer assembly 
for use in acombustion chamber of a gas turbine engine. 
The mixer assembly comprises a mixer housing having 
a hollow interior, an inlet for permitting air to flow into 
the hollow interior and an outlet for permitting air to flow 
from the hollow interior to the combustion chamber. The 
housing delivers a mixture of fuel and air through the 
outlet to the combustion chamber for burning to heat air 
passing through the combustion chamber. Further, the 
mixer assembly includes a fuel nozzle assembly mount- 
ed in the housing having a fuel passage adapted forcon- 
nection to a fuel supply for supplying the passage with 
fuel . The passage extends to an outlet port fo r delivering 
fuel from the passage to the hollow interior of the mixer 
housingtomix the fuel with airpassingthrough the mixer 
housing. The nozzle assembly includes a plasma gen- 
erator for generating at least one of a dissocfated fuel 
and an ionized fuel from the fuel delivered through the 
nozzle outlet port to the hollow interior of the housing. 
[0005] In another aspect, the mixer assembly com- 
prises a mixer housing and a swirler assembly mounted 
in the mixer housing. The swirler assembly has a plural- 
ity of vanes adapted for swirling air passing through the 
hollow interior of the housing. Further the mixer assem- 
bly includes a fuel nozzle assembly having a plasma 
generator for generating at least one of a dissociated 
fuel and an ionized fuel from the fuel delivered through 
the nozzle outlet port to the hollow interior of the hous- 
ing. 

[0006] Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which: 



Fig. 1 is a vertical cross section of an upper half of 
a combustor having mixers including a nozzle of the 
present invention; 

5 Fig. 2 is a vertical cross section of a mixer assembly 
of the present invention; 

Fig. 3 is a vertical cross section of a nozzle of a first 
embodiment of the present invention; 

10 

Fig. 4 is a vertical cross section of a nozzle of a sec- 
ond embodiment of the present invention; 

Fig. 5 is a vertical cross section of a nozzle of a third 
is embodiment of the present invention; and 

Fig. 6 is a schematic of a plasma generator control 
circuit of the present invention. 

20 [0007] Corresponding reference characters indicate 
corresponding parts throughout the several views of the 
drawings. 

[0008] Referring to the drawings and in particular to 
Fig. 1 , a portion of a gas turbine engine, and more par- 

25 ticularly a combustor of the present invention is desig- 
nated in its entirety by the reference number 10. The 
combustor 10 defines a combustion chamber 12 in 
which combustor air is mixed with fuel and burned. The 
combustor 10 includes an outer liner 14 and an inner 

30 liner 1 6. The outer liner 14 defines an outer boundary of 
the combustion chamber 12, and the inner liner 16 de- 
fines an inner boundary of the combustion chamber. An 
annular dome, generally designated by 1 8, mounted up- 
stream from the outer liner 1 4 and the inner liner 1 6 de- 

35 fines an upstream end of the combustion chamber 12. 
Mixer assemblies or mixers of the present invention, 
each generally designated by 20, are positioned on the 
dome 1 8. The mixer assemblies 20 deliver a mixture of 
fuel and air to the combustion chamber 12. Other fea- 

40 tures of the combustion chamber 12 are conventional 
and will not be discussed in further detail. 
[0009] As illustrated in Fig. 2, each mixer assembly 
20 generally comprises a pilot mixer assembly 22 and 
a main mixer assembly 24 surrounding the pilot mixer 

45 assembly. The pilot mixer assembly 22 includes an an- 
nular inner mixer housing 32, a swirler assembly, gen- 
erally designated by 34, and a fuel nozzle assembly, 
generally designated by 36, mounted in the housing 34 
along a centerline 38 of the pilot mixer 22. The housing 

50 32 has a hollow interior 40, an inlet 42 at an upstream 
end of the hollow interior for permitting air to flow into 
the hollow interior and an outlet 44 at a downstream end 
of the interior for permitting air to flow from the hollow 
interior to the combustion chamber 1 2. Fuel and air mix 

55 in the hollow interior 40 of the housing 32 and are deliv- 
ered through the outlet 44 to the combustion chamber 
1 2 where they are burned to heatthe air passing through 
the combustion chamber. The housing 32 has a con- 
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verging-diverging inner surface 46 downstream from the 
swirler assembly 34 to provide controlled diffusion for 
mixing the fuel and air and to reduce the axial velocity 
of the air passing through the housing. 
[0010] The swirler assembly 34 also includes a pair 
of concentrically mounted axial swirlers, generally des- 
ignated by 50, 52, having a plurality of vanes 54, 56, 
respectively, positioned upstream from the fuel nozzle 
36. Although the swirlers 50, 52 may have different num- 
bers of vanes 54, 56 without departing from the scope 
of the present invention, in one embodiment the inner 
swirler 50 has ten vanes 54 and the outer swirler 52 has 
ten vanes 56. Each of the vanes 54, 56 is skewed rela- 
tive to the centerline 38 of the pilot mixer 22 for swirling 
air traveling through the swirlers 50, 52 so it mixes with 
the fuel dispensed by the fuel nozzle 36 to form a fuel- 
air mixture selected for optimal burning during selected 
power settings of the engine. Although the pilot mixer 
22 of the disclosed embodiment has two axial swirlers 
50, 52, those skilled in the art will appreciate that the 
mixer may include fewer or more swirlers without de- 
parting from the scope of the present invention. As will 
further be appreciated by those skilled in the art, the 
swirlers 50, 52 may be configured alternatively to swirl 
air in the same direction or in opposite directions. Fur- 
ther, the pilot housing 32 may be sized and the pilot inner 
and outer swirler 50, 52 airflows and swirl angles may 
be selected to provide good ignition characteristics, lean 
stability and low emissions at selected power condi- 
tions. 

[0011] A cylindrical barrier 58 Is positioned between 
the swirlers 50, 52 for separating airflow traveling 
through the inner swirler 50 from that flowing through 
the outer swirler 52. The barrier 58 has a converging- 
diverging inner surface 60 which provides a fuel filming 
surface to aid in low power performance. As will be ap- 
preciated by those skilled in the art, the geometries of 
the pilot mixer assembly 22, and in particular the shapes 
of the mixer housing inner surface 46 and the barrier 
inner surface 60 may be selected to improve ignition 
characteristics, combustion stability and low CO and HC 
emissions. 

[0012] The fuel nozzle assembly 36 is mounted inside 
the inner swirler 40 along the centerline 38 of the hous- 
ing 32. A fuel manifold 70 delivers fuel to the nozzle as- 
sembly 36 from a fuel supply 72 (shown schematically 
in Fig. 2). Although other fuels and fuels in other state s 
may be used without departing from the scope of the 
present invention, in one embodiment the fuel is_natur al 
gas. The manifold 70 delivers the fuel to an annular pas- 
sage 74 formed in the nozzle assembly 36 between a 
centrally-located insulator 76 and a tubular housing 78 
surrounding the insulator. A plurality of vanes B0 are po- 
sitioned at an upstream end of the passage 74 for swirl- 
ing the fuel passing through the passage. The nozzle 
assembly 36 also includes a plasma generator, gener- 
ally designated by 82, for ionizing and/ or olissqc iatina 
fuel del ivered through an outlet por t 84 of the nozzle as- 



sembly to the hollow interior 40 of the housing 32. As 
illustrated in Fig. 2, the outletport 84 is positioned down- 
stream from the swirler assembly at a downstream end 
of nozzle assembly 36. In the case in which the fuel is 
5 a n atural ga s, the plasma g enerato r 82 converts a por- 
tion of the fuel into partially dissociated and ionized hy- 
drogen, acetylene and oth er C X H V spe cies. 
[0013] The main mixer 24 includes a main housing 90 
surrounding the pilot housing 32 and defining an annular 
10 cavity 92. A portion of the fuel manifold 70 is mounted 
between the pilot housing 32 and the main housing 90. 
The manifold 70 has a plurality of fuel injection ports 94 
for introducing fuel into the cavity 92 of the main mixer 
24. Although the manifold 70 may have a different 
f5 number of ports 94 without departing from the scope of 
the present invention, in one embodiment the manifold 
has a forward row consisting of six evenly spaced ports 
and an aft row consisting of six evenly spaced ports. Al- 
though the ports 94 are arranged in two circumferential 
rows in the embodiment shown in Fig. 2, those skilled 
in the art will appreciate that they may be arranged in 
other configurations without departing from the scope of 
the present invention. As will also be understood by 
those skilled in the art, using two rows of fuel injector 
ports at different axial locations along the main mixer 
cavity provides flexibility to adjust the degree of fuel-air 
mixing to achieve low NOx and complete combustion 
under variable conditions. In addition, the large number 
of fuel injection ports in each row provides for good cir- 
cumferential fuel-air mixing. Further, the different axial 
locations of the rows may be selected to prevent com- 
bustion instability. 

[0014] The pilot mixer housing 32 physically sepa- 
rates the pilot mixer interior 40 from the main mixer cav- 
ity 92 and obstructs a clear line of sight between the fuel 
nozzle 36 and the main mixer cavity. Thus, the pilot mix- 
er 22 Is sheltered from the main mixer 24 during pilot 
operation for improved pilot performance stability and 
efficiency and reduced C O and HC emissions. Further, 
the pilot housing 90 is shaped to permit complete burn- 
out of the pilotfuel by controlling the diffusion and mixing 
of the pilot flame into the main mixer 24 airflow. As will 
also be appreciated by those skilled in the art, the dis- 
tance between the pilot mixer 22 and the main mixer 24 
may be selected to improve ignition characteristics, 
combustion stability at high and lower power and low 
CO and HC emissions at low power conditions. 
[0015] The main mixer 24 also includes a swirler, gen- 
erally designated by 96, positioned upstream from the 
plurality of fuel injection ports 94. Although the main 
swirler 96 may have other configurations without depart- 
ing from the scope of the present invention, in one em- 
bodiment the main swirler Is a radial swirler having a 
plurality of radially skewed vanes 98 for swirling air 
traveling through the swirler to mix the air and the drop- 
lets of fuel dispensed by the ports 94 in the fuel manifold 
70 to form a fuel-air mixture selected for optimal burning 
during high power settings of the engine. Although the 
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swirler 96 may have a different number of vanes 98 with- 
out departing from the scope of the present invention, 
in one embodiment the main swirler has twenty vanes. 
The main mixer 24 is primarily designed to achieve low 
NOx under high power conditions by operating with a 
lean air-fuel mixture and by maximizing the fuel and air 
pre-mixing. The radial swirler 96 of the main mixer 24 
swirls the incoming air through the radial vanes 98 and 
establishes the basic flowf ield of the combustor 1 0, Fuel 
is injected radially outward into the swirling air stream 
downstream from the main swirler 96 allowing for thor- 
ough mixing within the main mixer cavity 92 upstream 
from its exit. This swirling mixture enters the combustion 
chamber 12 where it is burned completely. 
[0016] In one embodiment illustrated in Fig. 3, the 
plasma generator 82 is an electrical discharge plasma 
generator comprising an electrode 100 extending 
through the centrally-located insulator 76. The electrode 
1 00 and housing 78 are connected to electrical cables 
102, 104, respectively, which extend to an electrical 
power supply 106 (shown schematically in Fig. 3). The 
housing 78 has a tapered downstream end portion 1 08, 
and the electrode 100 includes a tip 110 positioned in- 
sidethe end portion of the housing. The insulator76 sur- 
rounds the electrode 100 along its entire length except 
at the tip 110 to inhibit electrical discharge between the 
electrode and housing 78 except between the tip of the 
electrode and the end portion 108 of the housing. The 
power supply 106 produces an elec trical a rc between 
the electrode 100 and the housing 78 which passes 
through the fuel traveling between the electrode tip 110 
and the end portion 1 08 of the housing. As the fuel pass- 
e s through the a rc, the fuel becomes io nized and di sso- 
ci atedj te will be appreciated by those skilled in the art, 
a distance 112 between the electrode tip 110 and the 
end portion 108 and an amplitude of the electrical 
charge may be selected to facilitate ionization and dis- 
sociation of the fuel. Further, a rate of fuel passing 
through the passage 74 may be adjusted to control a 
rate at which ionized and dissociated fuel is generated. 
[001 7] In another embodiment illustrated in Fig. 4, the 
plasma generator B2 is a microw ave discharge plasma 
generator comprising an electrode 120 extending 
through the centrally-located insulator 76. The electrode 
1 20 is connected to a wave guide 122 which extends to 
a magnetron 124 connected to an electrical power sup- 
ply 126 (shown schematically in Fig. 4). The power sup- 
ply 126 powers the magnetron 124 which directs a mi- 
crowave signal through the wave guide 122 to the elec- 
trode 1 20 which discharges microwave energy to the fu- 
el passing downstream from the electrode to ionize and 
dissociate the fuel. As will be appreciated by those 
skilled in the art, the microwave signal may be adjusted 
to facilitate ionization and dissociation of the fuel. Fur- 
ther, a rate of fuel passing through the passage 74 may 
be adjusted to control a rate at which ionized and dis- 
sociated fuel is generated. 

[0018] In yet another embodiment illustrated in Fig. 6, 



the plasma generator 82 is a laser plasma generator 
comprising an optical wave guide 130 extending 
through the centrally-located insulator 76 to a lens 132 
adapted to focus the laser downstream from the guide 

5 130. The wave guide 130 is connected to a laser 134 
connected to an electricai power supply 136 (shown 
schematically in Fig. 5). The power supply 136 powers 
the laser 134 which directs light energy along the wave 
guide 130 to the lens 132 where the energy travels 

10 through the fuel traveling downstream from the iens to 
ionize and dissociate the fuel. 
[0019] Although the plasma generator 82 may oper- 
ate to continuously generate plasma, in one embodi- 
ment schematically illustrated in Fig. 6 the plasma gen- 
's erator is operatively connected to an electronic combus- 
tor control 140 which p ulses the gene rator at a prese- 
lected fr equenc y, to a preselected amplitude and at a 
preselected phase relative to pressure pulses in the 
combustion chamber 12 to eliminate or reduce thermo- 

20 acoustical vibrations in the chamber. The control 1 40 is 
powered by a conventional electrical power supply 142. 
A pressure sensor 144 mounted in the combustion 
chamber 12 measures pressure pulses in the chamber 
and sends a corresponding signal to the control 140. 

25 Further, a fuel flow controller 146 controls the amount 
of fuel flowing to the plasma generator 82 and through 
the ports 94 in the main mixer assembly 24 (Fig. 2). 
[0020] The swirler assembly 34 swirls the incoming 
air passing through its vanes 54, 56 and establishes the 

30 basic flow field of the combustor 10. Plasma (i.e., ion- 
ized and dissociated fuel) generated by the plasma gen- 
erator 82 is released into swirling air stream down- 
stream from the vanes 54, 56 so the plasma and air are 
thoroughly mixed in the mixer housing interior 40. This 

35 swirling mixture enters the combustor chamber 12 
where it is burned completely. 
[0021] In operation, only the pilot mixer 22 is fueled 
during starting and low power conditions where low 
power stability and low CO/HC emissions are critical. 

40 The main mixer 24 is fueled during high power operation 
including takeoff, climb and cruise power settings for 
propulsion engines; intermediate, continuous and max- 
imum rated power settings forground operation engines 
including thoses used in shaft power and/or electrical 

45 generation applications. The fuel split between the pilot 
and main mixers is selected to provide good efficiency 
and low NOx emissions as is well understood by those 
skilled in the art. 

[0022] When introducing elements of the present in- 
50 vention or the preferred embodiment(s) thereof, the ar- 
ticles "a", "an", "the" and "said" are intended to mean 
that there are one or more of the elements. The terms 
"comprising", "including" and "having" are Intended to 
be inclusive and mean that there may be additional el- 
55 ements other than the listed elements. 
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Claims 

1. A mixer assembly (20) for use in a combustion 
chamber (12) of a gas turbine engine, said mixer 
assembly (20) comprising; 

a mixer housing (32) having a hollow interior 
(40), an inlet (42) for permitting air to flow into 
the hollow interior (40) and an outlet (44) for 
permitting air to flow from the hollow interior 
(40) to the combustion chamber (12), said 
housing (32) delivering a mixture of fuel and air 
through the outlet (44) to the combustion cham- 
ber (12) for burning therein thereby to heat air 
passing through the combustion chamber (1 2); 
and 

a fuel nozzle assembly (36) mounted in the 
housing (32) having a fuel passage (74) adapt- 
ed for connection to a fuel supply (72) for sup- 
plying the passage (74) with fuel, said passage 
(74) extending to an outlet port (84) for deliver- 
ing fuel from the passage to the hollow interior 
(40) of the mixer housing (32) to mix said fuel 
with air passing through the mixer housing (32), 
wherein the nozzle assembly (36) includes a 
plasma generator (82) for generating at least 
one of a dissociated fuel and an ionized fuel 
from the fuel delivered through the nozzle outlet 
port (84) to the hollow interior (40) of the hous- 
ing (32). 

2. A mixer assembly (20) as set forth in claim 1 where- 
in the plasma generator (82) is operable for gener- 
ating said at least one dissociated fuel and ionized 
fuel from a gaseous fuel. 

3. A mixer assembly (20) as set forth in claim 2 where- 
in the plasma generator (82) is operable for gener- 
ating at least one dissociated fuel and ionized fuel 
from natural gas. 

4. A mixer assembly (20) as set forth in claim 1 in com- 
bination with a combustor control (1 40) operable for 
controlling a rate at which said at least one dissoci- 
ated fuel and ionized fuel is generated by the plas- 
ma generator (82). 

5. A mixer assembly (20) as set forth i n claim 4 where- 
in the combustor control (140) is adapted to vary 
the rate at which said at least one dissociated fuel 
and ionized fuel is generated in response to meas- 
ured pressure variations in the combustor chamber 
(1 2) to reduce said pressure variations. 

6. A mixer assembly (20) as set forth in claim 1 where- 
in said plasma generator (82) is an electrical dis- 
charge plasma generator. 



7. A mixer assembly (20) as set forth in claim 1 where- 
in said plasma generator (82) is a microwave dis- 
charge plasma generator. 

5 8. A mixer assembly (20) as set forth in claim 1 where- 
in said plasma generator (82) is a laser plasma gen- 
erator. 

9. A mixer assembly (20) as set forth in claim 1 further 
10 comprising a swirler assembly (34) mounted in the 
mixer housing (32) having a plurality of vanes (54, 
56) for swirling air passing through the hollow inte- 
rior (40) of the housing (32). 

'5 10. A mixer assembly (20) as set forth in claim 1 in com- 
bination with a combustor control (140) adapted for 
controlling a rate at which said at least one dissoci- 
ated fuel and Ionized fuel is generated by the plas- 
ma generator (82). 
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